Excision of ultraviolet-induced photoproducts of 5-methylcytosine from DNA.
Transition mutations at DNA 5-methylcytosines, congregated at CpG islands, are implicated in the etiogenesis of human diseases. Formation of 5-methylcytosine hydrate (5-methyl-6-hydroxy-5,6-dihydrocytosine) by hydration of the 5,6 double bond of 5-methylcytosine has been suggested as an intermediate in a possible mechanism of deamination to thymine. Ultraviolet irradiation of DNA yields pyrimidine hydrates, which are removed by repair glycosylases. We have identified 5-methylcytosine photoproducts following their excision from DNA by E. coli endonuclease III. Poly(dG-[3H]5-medC):poly(dG-[3H]5-medC) was irradiated and reacted with the enzyme. Radiolabeled photoproduct releases were directly proportional to irradiation doses and enzyme concentrations. These were identified as cis-thymine hydrate (6-hydroxy-5,6-dihydrothymine) and trans-thymine hydrate. Recovery of thymine hydrates is consistent with hydration of pyrimidines. Subsequent heating (which converts thymine hydrates to thymines) and chemical sequencing of an irradiated, 3' end-labeled, synthetic DNA strand demonstrated the appearance of thymine at the 5-methylcytosine site. These results demonstrate a mechanism for deamination of DNA 5-methylcytosine via hydration of the 5,6 double bond, putatively yielding 5-methylcytosine hydrate; this deaminates to thymine hydrate, and loss of water yields thymine formation at the 5-methylcytosine site. Identification of these DNA 5-methylcytosine modified moieties indicates a possible molecular mechanism for the frequent transition mutations found at CpG loci.